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1
PULSE GENERATOR FOR INJECTION
LOCKED OSCILLATOR

TECHNICAL FIELD

Examples of the present disclosure generally relate to
injection locked oscillators, and, more particularly, generat-
ing narrow pulse signals for high speed injection locked
oscillators.

BACKGROUND

Communication systems include serializer/deserializer
(SerDes) devices. The SerDes devices utilize polyphase
interpolation to adjust the phase of the received signals and
reduce errors. In one instance, polyphase interpolation uses
multi-phase clock signals for phase adjustment. The multi-
phase clock signals are generated from a lower frequency
clock signal. In high speed communication systems, the
clock signal is converted by pulse generator circuitry to a
narrow pulse signal, which is used by a ring injection locked
oscillator (ILO) circuitry to generate the multi-phase clock
signals. In high speed communication devices (e.g., 200
Gbps or more), to generate high speed clock signals (e.g., 15
GHz or more), a narrow pulse signal having sharp rising and
falling edges (e.g., fast rise and fall time) is needed. How-
ever, generating and transmitting narrow pulse signal with
sharp rising and falling edges is power intensive as conven-
tional solutions generate such a narrow pulse signal with
high power buffer circuit elements. Further, as the frequency
of'the clock signals increases, conventional solutions are not
able to consistently generate a narrow pulse signal with the
needed rise and fall times to support the generation of the
clock signals. Accordingly, the generated clock signals
include phase errors and/or the targeted frequency of the
clock signals is not able to be met.

In the following, a communication system that generates
a narrow pulse with sharp rising and falling edges locally
with respect to an injection locked oscillator is described.
Accordingly, such a communication system uses less power
and generates multi-phase clock signals that are less error
prone than conventional communication systems.

SUMMARY

Communication systems utilize multiplication injection
locked oscillator (MILO) circuitries to generate multi-phase
clock signals from a narrow pulse signal. The narrow pulse
signal is generated locally within a MILO circuitry. The
MIILO circuitry includes ring injection locked oscillator
(ILO) circuitry and injection circuitry. The injection cir-
cuitry includes switching circuitries that generate a narrow
pulse signal which is injected into the ring ILO circuitry and
used to generate multi-phase clock signals.

In one example, a multiplication injection locked oscil-
lator (MIILO) circuitry includes a ring injection locked
oscillator (ILO) circuitry that outputs clock signals, a first
switching circuitry and a second switching circuitry. The
ring ILO circuitry includes a first path having first delay
stages, and a second path having second delay stages. The
first switching circuitry is connected to the first path and a
voltage supply node. The first switching circuitry receives a
first control signal and a second control signal and selec-
tively connects the voltage supply node to the first path
based on the first control signal and the second control
signal. The second switching circuitry is connected to the
second path and a reference voltage node. The second

10

15

20

25

30

35

40

45

50

55

60

65

2

switching circuitry receives the first control signal and the
second control signal and selectively connects the reference
voltage node to the second path based on the first control
signal and the second control signal.

In one example, a clock generation circuitry includes
driver circuitry and MILO circuitry. The driver circuitry
receives a first clock signal and output a first control signal
and a second control signal. The MILO circuitry includes
ring ILO circuitry that outputs clock signals. The ring ILO
circuitry includes a first path having first delay stages, and
a second path having second delay stages. The MILO
circuitry further includes first switching circuitry connected
to the first path and a voltage supply node. The first
switching circuitry receives the first control signal and the
second control signal and selectively connects the first path
with the voltage supply node based on the first control signal
and the second control signal. Further, the MILO circuitry
includes second switching circuitry connected to the second
path and a reference voltage node. The second switching
circuitry receives the first control signal and the second
control signal and selectively connects the second path with
the reference voltage node based on the first control signal
and the second control signal.

In one example, a method for operating MIILO includes
generating a first control signal and a second control signal
from a clock signal, and receiving the first control signal and
the second control signal at first switching circuitry. The first
switching circuitry is connected to a first path of ring IL.O
circuitry and a voltage supply node. The method further
includes receiving the first control signal and the second
control signal at second switching circuitry. The second
switching circuitry is connected to a second path of the ring
ILO circuitry and a reference voltage node. Further, the
method includes outputting, from the ring ILO circuitry, a
plurality of clock signals based on the first control signal and
the second control signal.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above-recited features
can be understood in detail, a more particular description,
briefly summarized above, may be had by reference to
example implementations, some of which are illustrated in
the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical example imple-
mentations and are therefore not to be considered limiting of
its scope.

FIG. 1 is a schematic diagram of clock generation cir-
cuitry, according to an example.

FIG. 2 is a schematic diagram of multiplication injection
locked oscillator circuitry, according to an example.

FIG. 3 is a schematic diagram of multiplication injection
locked oscillator circuitry, according to an example.

FIG. 4 is a schematic diagram of driver circuitry, accord-
ing to an example.

FIG. 5 illustrates the waveforms of a first and second
control signal, according to an example.

FIG. 6 illustrates a waveform of a narrowband pulse
waveform, according to an example.

FIG. 7 illustrates graphs of current signals and clock
signals having an increased frequency, according to an
example.

FIG. 8 illustrates graphs of current signals and clock
signals having the same frequency, according to an example.

FIG. 9 illustrates a schematic block diagram of a com-
munication system, according to an example.
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FIG. 10 is a flowchart of a method for operating multi-
plication injection locked oscillator circuitry, according to
an example.

To facilitate understanding, identical reference numerals
have been used, where possible, to designate identical
elements that are common to the figures. It is contemplated
that elements of one example may be beneficially incorpo-
rated in other examples.

DETAILED DESCRIPTION

A communication system is described herein that includes
clock generation circuitry that generates multi-phase clock
signals having an increased frequency from that of a single
phase reference clock signal. In one example, transceiver
circuitry of the communication system includes multiplica-
tion injection locked oscillator (MILO) circuitry that gen-
erates multi-phase clock signals. The multi-phase clock
signals are used for phase adjustment of received data
signals. To reduce power, the clock signal is provided to the
MILO at about half of the target frequency. For example, for
a target frequency (e.g., the frequency of the multi-phase
clock signals) of about 18.75 GHz, the frequency of the
clock signal is about 9.375 GHz.

In high speed (e.g., at least about 200 Gbps) communi-
cation systems, delivering an injection signal having narrow
pulse signal to the MILO circuitry over a long distance is
power intensive and error prone. To reduce the power
requirements of the communication system and errors within
the multi-phase clock signals, the narrow pulse signal is
generated locally within the MILO circuitry. For example,
the MILO circuitry includes injection circuitry that gener-
ates the narrow pulse signal (e.g., an injection signal) based
on control signals. Further, generating the narrow pulse
signal locally within the MILO circuitry provides more
flexibility with regard to the width of the pulse of the narrow
pulse signal as compared to conventional approaches. For
example, the injection circuitry generates a narrow pulse
signal with sharp (e.g., about vertical) rising edges and the
falling edges. Accordingly, the narrow pulse signal can have
a pulse width of less than about 20 ps. In one example,
narrow pulse signals generated locally within the MILO
circuitry have a pulse width of about 15 ps or less. In one or
more examples, a narrow pulse signal generated locally
within the MILO circuitry can have a pulse width of less
than or equal to about 10 ps. Such injection signals increases
the injection current, widening the injection locking range of
the MILO circuitry and improving the noise shaping prop-
erty of the MILO circuitry.

FIG. 1 illustrates clock generation circuitry 100, accord-
ing to one or more examples. The clock generation circuitry
100 comprises a multiplication injection locked oscillator
(MILO) circuitry 110, clock circuitry 120, driver circuitry
130, quadrature phase error detector (QED) circuitry 140,
control circuitry 150, voltage to current converter (V2I)
circuitry 160, and power supply circuitry 170.

The clock circuitry 120 has an output connected to an
input of the driver circuitry 130. In one example, the clock
circuitry 120 generates a clock signal 122. The clock signal
122 has a frequency in a range of about 8 GHz to about 10
GHz. In other examples, the clock signal 122 has a fre-
quency less than about 8 GHz or greater than about 10 GHz.

The driver circuitry 130 receives the clock signal 122 and
outputs a control signal 132 and a control signal 134. In one
example, the driver circuitry 130 generates the control signal
132 and the control signal 134 from the clock signal 122. As
will be described in more detail in the following, the driver
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circuitry 130 includes a first path having a first inverters and
a second path having a second inverters that generate the
control signals 132 and 134, respectively. In one example,
the amount of the delay of the first path is less than or greater
than the amount of the delay of the second path. Accord-
ingly, the control signal 134 is delayed with reference to the
control signal 132. In another example, the first control
signal 132 is delayed with reference to the control signal
134.

The MILO circuitry 110 receives the control signals 132
and 134 and outputs the clock signals 116a-1164. The clock
signals 1164-116d are multi-phase clock signals. The clock
signals 116a-116d have a frequency greater than the fre-
quency of the clock signal 122. In one example, the fre-
quency of the clock signals 116a-1164 is twice that of the
frequency of the clock signal 122. In other examples, the
frequency of the clock signals 116a-1164 is N times the
frequency of the clock signal 122. N is one or more.

The MILO circuitry 110 includes ring injection locked
oscillator (ILO) circuitry 112 and injection circuitry 114.
The injection circuitry 114 receives the control signals 132
and 134 and controls the ring ILO circuitry 112 to generate
the clock signals 116a-116d. For example, the injection
circuitry 114 generates an injection signal based on the
control signals 132 and 134 and outputs the control signals
132 and 134 to the ring ILO circuitry 112. The ring ILO
circuitry 112 generate the clock signals 116a-1164 based on
the injection signal.

The phase of the clocks signals 116a-116d are separated
by 90 degrees from each other. In one example, the phase of
the clock signal 116« is 0 degrees, the phase of the clock
signal 1165 differs from the phase of the clock signal 116a
by 90 degrees, the phase of the clock signal 116¢ differs from
the phase of the clock signal 116a by 180 degrees, and the
phase of the clock signal 1164 differs from the phase of the
clock signal 116a by 270 degrees.

The QED circuitry 140 compares two or more of the clock
signals 1164-116d to determine an adjustment (or correc-
tion) value to apply to the MILO circuitry 110. The QED
circuitry 124 detects the quadrature phase error between
pairs of the clock signals 116a-116d that are in quadrature
with each other. In one example, the phase difference is
output as a control signal 142 or 144 (e.g., adjustment
signals). The control signals 142 and 144 adjusts function-
ality of the MILO circuitry 110 to adjust the phase of one or
more of the clock signals 116a-116d. Adjusting the func-
tionality of the MILO circuitry 110 reduces phase differ-
ences between two or more of the clock signals 116a-1164.

The V21 circuitry 160 and the filter circuitry 180 averages
the control signals 142 and 144 to generate the control signal
162. The control signal 162 adjusts the ring ILO circuitry to
ensure that the oscillation frequency of the ring ILO cir-
cuitry is matched to N times the frequency of the clock
signal 122, minimizing in-phase and quadrature error of the
ring ILO circuitry.

The control circuitry 150 adjusts the frequency of the
MILO circuitry 110. In one example, the control circuitry
150 provides a coarse adjustment to the MILO circuitry 110
to adjust the frequency of the MILO circuitry 110. In one
example, the control circuitry 150 is connected to the MILO
circuitry 110 via a switch.

The power supply circuitry 170 provides a regulated
voltage signal 172 to the MILO circuitry 110 and the QED
circuitry 140. In other examples, the regulated voltage signal
172 is output to one or more of the clock circuitry 120, the
control circuitry 150, the V2I circuitry 160, and the driver
circuitry 130. The regulated voltage signal 172 has a voltage
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level of about 0.9 V or less. In other example, the regulated
voltage signal 172 has a voltage level of greater than about
09 V.

FIG. 2 is a schematic illustration of MILO circuitry 110a,
according to one or more examples. The MILO circuitry 110
includes the ring ILO circuitry 112 and injection circuitry
114a. The injection circuitry 114a includes switching cir-
cuitry 220 and switching circuitry 240. The switching cir-
cuitry 220 is connected to the path 211a of the ring ILO
circuitry 112 and the switching circuitry 240 is connected to
the path 2115 of the ring ILO circuitry 112. In one example,
the switching circuitry 220 is connected to the injection node
212a along the path 211a, and the switching circuitry 240 is
connected to the injection node 21256 along the path 2115.

The switching circuitry 220 is connected to the path 211a
and to a voltage supply node 250. A first power supply signal
is provided via the voltage supply node 250. For example,
the power supply circuitry 170 outputs the voltage signal
(e.g., power supply signal) 172 to the voltage supply node
250. The switching circuitry 220 receives the control signals
132-136. The control signal 132 and 136 are complementary
signals, and the control signals 134 and 138 are comple-
mentary signals. The control signals 136 and 138 are gen-
erated from the control signals 132 and 134. In one example,
the control signals 136 and 138 are generated within the
MILO circuitry 110a or external to the MILO circuitry 110a.
The switching circuitry 220 selectively connects the injec-
tion node 212a along the path 211a to the voltage supply
node 250 based on the control signals 132-138.

The switching circuitry 220 includes switch 220a and
switch 2205. The switch 220a includes transistors 222 and
224 and the switch 2204 includes transistors 226 and 228.
The transistors 222, 224, 226, and 228 are n-type (NMOS)
transistors. In other examples, one or more of the transistors
222, 224, 226, and 228 is a p-type (PMOS) transistor.

The transistors 222 and 224 are connected in series with
each other between the voltage supply node 250 and the
injection node 212a. The source of the transistor 222 is
connected to the voltage supply node 250. The drain of the
transistor 222 is connected to the source of the transistor
224. The drain of the transistor 224 is connected to the
injection node 212a and the path 211a. A gate of the
transistor 222 receives the control signal 132 and a gate of
the transistor 224 receives the control signal 134.

The transistors 226 and 228 are connected in series with
each other between the voltage supply node 250 and the
injection node 212a. The source of the transistor 226 is
connected to the voltage supply node 250. The drain of the
transistor 226 is connected to the source of the transistor
228. The drain of the transistor 228 is connected to the
injection node 212a and the path 211a. A gate of the
transistor 226 receives the control signal 134 and a gate of
the transistor 228 receives the control signal 132.

The switches 220a and 2205 are in an “on” state (e.g., in
a closed position) and connect the injection node 212a with
the voltage supply node 250 based on one of the control
signals 132 and 134 having a high voltage value and one of
the controls signals 132 and 134 having a low voltage value.
Further, the switches 220a and 2205 are in an “off” state
(e.g., in an opened position) and disconnect the injection
node 212a from the voltage supply node 250 based on both
of the control signals 132 and 134 having a high voltage
value or a low voltage value.

In one example, based on the control signal 132 having a
high voltage value and the control signal 134 having a low
voltage value, the switch 220q is in an “on” state and the
switch 2205 is an “off” state. Based on the control signal 132
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having a low voltage value and the control signal 134 having
a high voltage value, the switch 2205 is in an “on” state and
the switch 220a is an “off” state. Further, based on the
control signals 132 and 134 both having a low voltage value
or a high voltage value, the switches 220a and 2205 are in
an “off” state.

The switching circuitry 240 is connected to the path 2115
and to a reference voltage node 260. The switching circuitry
240 receives the control signals 132-138. The switching
circuitry 240 includes switch 240a and switch 24056. The
switch 2404 includes transistors 242 and 244 and the switch
2405 includes transistors 246 and 248. The transistors 244-
248 are PMOS transistors. The switching circuitry 240
selectively connects the injection node 2125 along the path
2115 to the reference voltage node 260 based on the control
signals 132-138.

The transistors 242 and 244 are connected in series with
each other between the reference voltage node 260 and the
injection node 2125. The source of the transistor 242 is
connected to the reference voltage node 260. The drain of
the transistor 242 is connected to the source of the transistor
244. The drain of the transistor 244 is connected to the
injection node 21256 and the path 2115. A gate of the
transistor 242 receives the control signal 132 and a gate of
the transistor 244 receives the control signal 138.

The transistors 246 and 248 are connected in series with
each other between the reference voltage node 260 and the
injection node 212b. The source of the transistor 246 is
connected to the reference voltage node 260. The drain of
the transistor 246 is connected to the source of the transistor
248. The drain of the transistor 248 is connected to the
injection node 21256 and the path 2115. A gate of the
transistor 246 receives the control signal 136 and a gate of
the transistor 248 receives the control signal 134.

The switches 240a and 2405 are in an “on” state (e.g., in
a closed position) and connect the injection node 212ab with
the reference voltage node 260 based on one of the control
signals 132 and 134 having a high voltage value and one of
the controls signals 132 and 134 having a low voltage value.
Further, the switches 240a and 2405 are in an “off” state
(e.g., in an opened position) and disconnect the injection
node 2125 from the reference voltage node 260 based on
both of the control signals 132 and 134 having a high voltage
value or a low voltage value.

In one example, based on the control signal 132 having a
high voltage value and the control signal 134 having a low
voltage value, the switch 2405 is in an “on” state and the
switch 240aq is an “off” state. Based on the control signal 132
having a low voltage value and the control signal 134 having
a high voltage value, the switch 2404 is in an “on” state and
the switch 24056 is an “off” state. Further, based on the
control signals 132 and 134 both having a low voltage value
or a high voltage value, the switches 240a and 2405 are in
an “off” state.

FIG. 5 and FIG. 6 illustrate the control signals 132 and
134, and the corresponding current signal 600 (e.g., injection
signal or narrow pulse signal), respectively. In one example,
as can be seen in FIG. 5 and FIG. 6, controlling the state of
the switches 220a, 2205, 240a, and 2405 based on control
signals 132 and 134, generates the current signal 600. For
example, the current signal 600 includes pulses 602. During
each pulse, one of the switches 220a and 2205 and one of the
switches 240a and 24056 are in the on state such that the
corresponding the injection nodes 212a and 2124 are con-
nected to the voltage supply node 250 and the reference
voltage node 260. Further, between each pulse 602, all of the
switches 220a, 2205, 240a, and 2405 are in an off state, and
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the injection nodes 212a and 2124 are disconnected to the
voltage supply node 250 and the reference voltage node 260.
FIG. 5 and FIG. 6 are described in greater detail in the
following.

The ring ILO circuitry 112 generates the clock signals
1164-116d based on the current injected (e.g., the injection
signal) at the injection nodes 2124 and 2125. FIG. 6 illus-
trates an example waveform of the current signal 600 that is
injected at the injection nodes 212a and 2125 based on the
control signals 132 and 134. The current signal 600 is
generated by the switching circuitries 220 and 240 from the
control signals 132 and 134.

The ring ILO circuitry 112 includes inverters 213, 215 and
cross-coupled inverters 214 and 216. In other examples, the
ring ILO circuitry includes additional inverters and/or addi-
tional cross-coupled inverters not illustrated in FIG. 2. A
quadrature pair of the clock signals 116a-116d is output via
the outputs 218a and 2184, respectively. In other example,
the ring ILO circuitry 112 includes additional stages that
output corresponding quadrature pairs of the clock signals
1164-1164.

The ILO circuitry 112 oscillates at a natural frequency
(fo) based on inverters 213, 215, 214 and 216. In one or
more examples, the ILO circuitry 112 is pulled to oscillate
at the harmonics (N) of an injection frequency (finj) of an
injection signal instead the fo based on the injection signal.
Operating at the injection frequency may be referred to as
achieving injection lock. The ease at which the injection
lock is achieved corresponds to size the power of the N*finj
harmonic. Increasing the N*finj harmonic increase the ease
at which injection lock is obtained. In one example, N=2. A
narrow pulse at the injection increases the spectral power of
second harmonics (2*finj) so the ring oscillator will be
locked to 2*finj instead of fo.

FIG. 3 is a schematic illustration of MILO circuitry 1105.
The MILO circuitry 1105 includes the ring ILO circuitry 112
and the injection circuitry 1145. The injection circuitry 1145
includes switching circuitries 320 and 340. The switching
circuitries 320 and 340 are configured similar to the switch-
ing circuitries 220 and 240 of FIG. 2. For example, the
switching circuitry 220 and the switching circuitry 320 are
connected between the voltage supply node 250 and the
injection node 212a, and the switching circuitry 240 and the
switching circuitry 340 are connected between the reference
voltage node 260 and the injection node 2124. The switching
circuitries 320 and 340 differ from the switching circuitries
220 and 240 in that the switching circuitries 320 and 340
include both NMOS and PMOS transistors. Further, the
switching circuitries 320 and 340 receive and are controlled
via the control signals 132 and 134 and do not receive the
control signals 136 and 138.

The switching circuitry 330 is connected to the path 211a
and to a voltage supply node 250. The switching circuitry
330 receives the control signals 132 and 134. The switching
circuitry 330 includes switch 320a and switch 32056. The
switch 320a includes transistors 322 and 324 and the switch
32054 includes transistors 326 and 328. The transistors 322
and 326 are NMOS and the transistors 324 and 324 are
PMOS transistors. In one example, the switching circuitry
320 selectively connects the injection node 212« along the
path 211a to the voltage supply node 250 based on the
control signals 132 and 134.

The transistors 322 and 324 are connected in series with
each other between the voltage supply node 250 and the
injection node 212a. The source of the transistor 322 is
connected to the voltage supply node 250. The drain of the
transistor 322 is connected to the drain of the transistor 324.
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The source of the transistor 324 is connected to the injection
node 212a and the path 211a. A gate of the transistor 322
receives the control signal 132 and a gate of the transistor
324 receives the control signal 134.

The transistors 326 and 328 are connected in series with
each other between the voltage supply node 250 and the
injection node 212a. The source of the transistor 326 is
connected to the voltage supply node 250. The drain of the
transistor 326 is connected to the drain of the transistor 328.
The source of the transistor 328 is connected to the injection
node 212a and the path 211a. A gate of the transistor 326
receives the control signal 134 and a gate of the transistor
328 receives the control signal 132.

The switches 320a and 3205 are in an “on” state (e.g., in
a closed position) and connect the injection node 212a with
the voltage supply node 250 based on one of the control
signals 132 and 134 having a high voltage value and one of
the controls signals 132 and 134 having a low voltage value.
Further, the switches 320a and 3205 are in an “off” state
(e.g., in an opened position) and disconnect the injection
node 212a from the voltage supply node 250 based on both
of the control signals 132 and 134 having a high voltage
value or a low voltage value.

In one example, based on the control signal 132 having a
high voltage value and the control signal 134 having a low
voltage value, the switch 320q is in an “on” state and the
switch 3205 is an “off” state. Based on the control signal 132
having a low voltage value and the control signal 134 having
a high voltage value, the switch 3205 is in an “on” state and
the switch 320a is an “off” state. Further, based on the
control signals 132 and 134 both having a low voltage value
or a high voltage value, the switches 320a and 3205 are in
an “off” state.

The switching circuitry 340 is connected to the path 2115
and to a reference voltage node 260. The switching circuitry
340 receives the control signals 132 and 134. The switching
circuitry 340 includes switch 340a and switch 34056. The
switch 3404 includes transistors 342 and 344 and the switch
3405 includes transistors 346 and 348. The transistors 344
and 348 are NMOS and the transistors 342 and 3346 are
PMOS transistors. In one example, the switching circuitry
340 selectively connects the injection node 2125 along the
path 2115 to the reference voltage node 260 based on the
control signals 132 and 134.

The transistors 342 and 344 are connected in series with
each other between the reference voltage node 260 and the
injection node 212b. The source of the transistor 342 is
connected to the reference voltage node 260. The drain of
the transistor 342 is connected to the drain of the transistor
344. The source of the transistor 344 is connected to the
injection node 21256 and the path 2115. A gate of the
transistor 342 receives the control signal 132 and a gate of
the transistor 344 receives the control signal 134.

The transistors 346 and 348 are connected in series with
each other between the reference voltage node 260 and the
injection node 2125. The source of the transistor 346 is
connected to the reference voltage node 260. The drain of
the transistor 346 is connected to the drain of the transistor
348. The source of the transistor 348 is connected to the
injection node 21256 and the path 2115. A gate of the
transistor 346 receives the control signal 134 and a gate of
the transistor 348 receives the control signal 132.

The switches 340a and 3405 are in an “on” state (e.g., in
a closed position) and connect the injection node 212ab with
the reference voltage node 260 based on one of the control
signals 132 and 134 having a high voltage value and one of
the controls signals 132 and 134 having a low voltage value.
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Further, the switches 340a and 3405 are in an “off” state
(e.g., in an opened position) and disconnect the injection
node 2125 from the reference voltage node 260 based on
both of the control signals 132 and 134 having a high voltage
value or a low voltage value.

In one example, based on the control signal 132 having a
high voltage value and the control signal 134 having a low
voltage value, the switch 340q is in an “on” state and the
switch 3405 is an “off” state. Based on the control signal 132
having a low voltage value and the control signal 134 having
a high voltage value, the switch 3405 is in an “on” state and
the switch 340a is an “off” state. Further, based on the
control signals 132 and 134 both having a low voltage value
or a high voltage value, the switches 340a and 3405 are in
an “off” state.

As is noted above, the ring ILO circuitry 112 generates the
clock signals 116a-116d based on the current injected at the
injection nodes 212a and 2125. FIG. 6 illustrates an example
waveform of the current signal 600 that is injected at the
injection nodes 212a and 2124. The current signal 600 is
generated by the switching circuitries 220 and 240 from the
control signals 132 and 134.

In one or more examples, one of the switching circuitries
(e.g., the switching circuitries 220 or 240, or the switching
circuitries 320 or 340) is disabled when the duty cycle of the
clock signal 122 is less than a threshold. The threshold
corresponds to as duty cycle where both rising and falling
edges of the clock signal 122 may be used by the MILO
circuitry 110 for clock signal generation. When a switching
circuitry is disabled, the MILO circuitry 110 is enabled to
perform signal edge injection as the rising or falling edge of
the clock signal 122 is used to generate the clock signals
1164-1164.

FIG. 4 is a schematic illustration of the driver circuitry
130, according to one or more examples. The driver circuitry
130 receives the clock signal 122 and generates the control
signal 132 and 134. The driver circuitry 130 includes path
410 (e.g., delay path) and path 420 (e.g., delay path). The
path 410 delays the clock signal 122 to generate the control
signal 134. The path 410 includes one or more inverters. For
example, the path 410 includes inverters 412, 414, and 416.
In other examples, the path 410 includes a tunable inverter.
For example, the inverter 414 is tunable to adjust the delay
of'the inverter 414 and the path 410. The path 420 delays the
clock signal 122 to generate the control signal 132. The path
420 includes one or more inverters. For example, the path
410 includes inverters 412, 414, and 416. The delay of the
path 410 is greater than the delay of the path 420. Accord-
ingly, the control signal 134 is delayed with respect to the
control signal 132.

In one example, the control signals 132 and 134 are
further inverted to generate the complementary control
signals 136 and 138. The driver circuitry 130 may generate
the control signals 136 and 138 or the control signals 136
and 138 are generated outside the driver circuitry 130.

FIG. 5 illustrates a graph 500 of the control signals 132
and 134. As illustrated by FIG. 5, the control signal 134 is
delayed as compared to the control signal 132. The control
signals 132 and 134 have a similar frequency. In one
example, the frequency of the control signals 132 and 134 is
the same as the frequency of the clock signal 122. As the
control signal 134 is delayed with respect to the control
signal 132, the control signals 132 and 134 transition to a
high voltage value 510 at different times and to the low
voltage value 520 at different times. Accordingly, the states
of the switching circuitries 220, 240, 320, and 340 are
controlled to generate the current signal 600 of FIG. 6. The
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current signal 600 transitions between the voltage levels 610
and 620 to form the pulses 602. The width of the peaks is AT.
The width AT corresponds to the delay between the control
signal 132 and 134. In one example, AT is less than about 20
ps. In another example, AT is less than about 15 ps. In one
example, AT is less than about 10 ps. The rising edges 604
and falling edges 606 of the current signal 600 are about
vertical. In other examples, the rising edges 604 and falling
edges 606 of the current signal 600 have an undefined slope.
In one or more examples, the rising edges 604 and falling
edges 606 of the current signal 600 are close to, but less than,
vertical.

FIG. 7 illustrates graphs 710 and 720, according to one or
more examples. The graph 710 illustrates the signals 712
and 714. The signals 712 and 714 correspond to the current
injected at the injection nodes (e.g., injection nodes 212a
and 2124) of a ring IL.O circuitry (e.g., the ring ILO circuitry
212). The graph 720 illustrates the signals 722 and 724. The
signals 722 and 724 are signals (e.g., clock signals) output
from a ring ILO circuitry (e.g., the ring ILO circuitry 112).
As is illustrated by the graphs 710 and 720, the frequencies
of the signals 722 and 724 are twice that of the frequency of
the signals 722 and 724.

In one or more examples, signals 712 and 714 represent
the fundamental tone of the injection signal (finj) of the ring
ILO circuitry 212. The signals 722 and 724 represent the
fundamental tone of the output clock which is 2*finj. The
narrow injection pulse 730 is provided to the ring ILO
circuitry 212 as the injection signal. The narrow injection
pulse is spaced at a time interval of 1/(2*finj).

FIG. 8 illustrates graphs 810 and 820, according to one or
more examples. The graph 810 illustrates the signals 812
and 814. The signals 812 and 814 correspond to the current
injected at the injection nodes (e.g., injection nodes 212a
and 2124) of a ring IL.O circuitry (e.g., the ring ILO circuitry
212). The graph 820 illustrates the signals 822 and 824. The
signals 822 and 824 are signals (e.g., clock signals) output
from a ring ILO circuitry (e.g., the ring ILO circuitry 112).
As is illustrated by the graphs 810 and 820, the frequencies
of the signals 822 and 824 are the same as the frequencies
of the signals 812 and 814. Accordingly, the frequencies of
the signals 822 and 824 are not increased with reference to
clock signal 122. In FIG. 8, the ring ILO circuitry 212 is
locked at N*finj where N=1. The example of FIG. 8 may be
used in applications where multiple phases are needed from
a single phase clock source at the same frequency.

FIG. 9 illustrates a schematic block diagram of a com-
munication system 900, according to one or more examples.
The communication system 900 includes transceiver cir-
cuitry 910 and transceiver circuitry 920. The transceiver
circuitry 910 may be serializer-deserializer (SerDes) cir-
cuitry. The transceiver circuitry 910 includes transmitter
circuitry 912. While not illustrated, the transceiver circuitry
910 further includes receiver circuitry and control circuitry.
The transceiver circuitry 920 includes receiver circuitry 922.
The receiver circuitry 922 includes clock generation cir-
cuitry 100. The clock generation circuitry 100 may be part
of a phase interpolator (PI) circuitry of the receiver circuitry
922. While not illustrated, the transceiver circuitry 920
additionally includes transmitter circuitry and control cir-
cuitry. In one example, the clock generation circuitry 100
generates clock signals 116a-1164 which are used by the
receiver circuitry 922 in receiving and processing a data
signal received over the communication channel 930 from
the transmitter circuitry 912. In one example, the transceiver



US 11,824,548 B2

11

circuitry 910 further includes clock generation circuitry
configured similar to that of the clock generation circuitry
100.

The transceiver circuitry 910 is communicatively coupled
to the transceiver circuitry 920 via the communication
channel 930. In one example, the transmitter circuitry 912 is
communicatively coupled to the receiver circuitry 922 via
the communication channel 930. The transmitter circuitry
912 communicates data to the receiver circuitry 922 via the
communication channel 930. The communication channel
930 is a high speed communication channel. For example,
the communication channel 930 supports a communication
speed of at least about 100 Gbps, 200 Gbps, or more.
Further, the transmitter circuitry 912 outputs a reference
clock to the receiver circuitry 922. For example, the trans-
mitter circuitry 912 outputs the reference clock signal CLKI
to the receiver circuitry 922.

FIG. 10 illustrates a flowchart of a method 1000 for
operating MILO circuitry (e.g., the MILO circuitry 110),
according to one or more examples. At block 1010, first and
second control signals are generated from a clock signal. For
example, with reference to FIG. 1, the clock circuitry 120
generates the clock signal 122. The driver circuitry 130
receives the clock signal and generates the control signals
132 and 134 from the clock signal 122. The control signal
134 is delayed with reference to the control signal 132.

At block 1010, the first control signal and the second
control signal are received at first switching circuitry of
MILO circuitry. For example, with reference to FIG. 3, the
control signals 132 and 134 are received at the switching
circuitry 320. At block 1020, the first control signal and the
second control signal are received at second switching
circuitry of the MILO circuitry.

With reference to FIG. 3, the control signals 132 and 134
are received at the switching circuitry 340. In one example,
during a first period, the control signal 132 has a high
voltage level and the control signal 134 has a low voltage
level, and the switches 320a and 340a are turned on and the
switches 32056 and 3406 are turned off. Accordingly, the
voltage supply node 250 is connected to the injection node
212a of the path 2114, and the reference voltage node 260
is connected to the injection node 2125 of the path 21164.

During a second period, the control signal 132 and the
control signal 134 have a high voltage level, and the
switches 320a and 340q and the switches 3205 and 3405 are
turned off. Accordingly, the voltage supply node 250 is
disconnected from the injection node 2124 of the path 211a,
and the reference voltage node 260 is disconnected to the
injection node 2124 of the path 2115. Between the beginning
of first period and the beginning of the second period, a first
pulse (e.g., a first pulse 602 of the current signal 600) of a
current signal (e.g., narrow pulse signal) is generated.

During a third period, the control signal 132 has a low
voltage level and the control signal 134 has a high voltage
level, and the switches 320a and 340a are turned off and the
switches 3205 and 3405 are turned on. Accordingly, the
voltage supply node 250 is connected to the injection node
212a of the path 2114, and the reference voltage node 260
is connected to the injection node 2125 of the path 21164.

During a fourth period, the control signal 132 and the
control signal 134 have a low voltage level, and the switches
320a and 340q and the switches 3205 and 3405 are turned
off. Accordingly, the voltage supply node 250 is discon-
nected from the injection node 2124 of the path 211a, and
the reference voltage node 260 is disconnected to the
injection node 2124 of the path 2115. Between the beginning
of third period and the beginning of the fourth period, a
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second pulse (e.g., a second pulse 602 of the current signal
600) of the current signal (e.g., narrow pulse signal) is
generated.

At block 1040, clock signals are output from the MILO
circuitry. For example, with reference to FIG. 1, the clock
signals 116a-116d are generated by the MILO circuitry 110.
The clock signals 116a-116d are generated based on the
control signal 132 and the control signal 134. In one
example, the frequency of the clock signals 116a-116d is N
times the frequency of the clock signal 122. N is one or
more.

Thus, a MILO circuitry that locally generates a narrow
pulse signal to reduce power requirements of the corre-
sponding communication system as has been described
above. The MILO circuitry includes injection circuitry that
is connected to injection nodes of ring ILO circuitry. The
injection circuitry generates and outputs a narrow pulse
signal to the injection nodes based on control signals gen-
erated from a clock signal. The injection circuitry includes
switching circuitries that are controlled by the voltage levels
of the control signals to generate the narrow pulse signal
which is injected into the ring ILO circuitry and used to
generate multi-phase clock signals.

While the foregoing is directed to specific examples, other
and further examples may be devised without departing
from the basic scope thereof, and the scope thereof is
determined by the claims that follow.

What is claimed is:

1. A multiplication injection locked oscillator (MIILO)
circuitry comprising:

ring injection locked oscillator (ILO) circuitry configured

to output clock signals, the ring ILO circuitry compris-
ing:
a first path comprising first delay stages; and
a second path comprising second delay stages; and
first switching circuitry comprising a first transistor con-
nected to a voltage supply node, a second transistor
connected in series with the first transistor and to the
first path, a third transistor connected to the voltage
supply node, and a fourth transistor connected in series
with the third transistor and to the first path, the first
switching circuitry configured to receive a first control
signal and a second control signal and selectively
connect the voltage supply node to the first path based
on the first control signal and the second control signal
generating a first current signal comprising pulses,
wherein a width of the pulses corresponds to a delay
between the first control signal and the second control
signal; and

second switching circuitry connected to the second path

and a reference voltage node, the second switching
circuitry configured to receive the first control signal
and the second control signal and selectively connect
the reference voltage node to the second path based on
the first control signal and the second control signal.

2. The MILO circuitry of claim 1, wherein a gate of the
first transistor is configured to receive the first control signal,
a gate of the second transistor is configured to receive the
second control signal, a gate of the third transistor is
configured to receive the second control signal, and a gate of
the fourth transistor is configured to receive the first control
signal.

3. The MILO circuitry of claim 1, wherein the second
switching circuitry comprises:

a fifth transistor connected to the reference voltage node;

a sixth transistor connected in series with the fifth tran-

sistor and to the second path;
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a seventh transistor connected to the reference voltage

node; and

an eighth transistor connected in series with the seventh

transistor and to the second path.

4. The MILO circuitry of claim 3, wherein a gate of the
fifth transistor is configured to receive the first control
signal, a gate of the sixth transistor is configured to receive
the second control signal, a gate of the seventh transistor is
configured to receive the second control signal, and a gate of
the eighth transistor is configured to receive the first control
signal.

5. The MILO circuitry of claim 1, wherein the first control
signal and the second control signal are generated by driver
circuitry based on a first clock signal.

6. The MILO circuitry of claim 5, wherein the driver
circuitry comprises:

a first delay path configured to generate the first control

signal based on the first clock signal; and

a second delay path configured to generate the second

control signal based on the first clock signal, the second
delay path comprising an adjustable delay.

7. The MILO circuitry of claim 1, wherein the second
control signal is delayed with reference to the first control
signal.

8. A clock generation circuitry comprising:

driver circuitry configured to receive a first clock signal

and output a first control signal and a second control
signal; and

multiplication injection locked oscillator (MIILO) cir-

cuitry comprising:

ring injection locked oscillator (ILO) circuitry config-
ured to output clock signals, the ring ILO circuitry
comprising:
a first path comprising first delay stages; and
a second path comprising second delay stages;

first switching circuitry comprising a first transistor
connected to a voltage supply node, a second tran-
sistor connected in series with the first transistor and
to the first path, a third transistor connected to the
voltage supply node, and a fourth transistor con-
nected in series with the third transistor and to the
first path, the first switching circuitry configured to
receive the first control signal and the second control
signal and selectively connect the first path with the
voltage supply node based on the first control signal
and the second control signal generating a first
current signal comprising pulses, wherein a width of
the pulses corresponds to a delay between the first
control signal and the second control signal; and

second switching circuitry connected to the second path
and a reference voltage node, the second switching
circuitry configured to receive the first control signal
and the second control signal and selectively connect
the second path with the reference voltage node
based on the first control signal and the second
control signal.

9. The clock generation circuitry of claim 8, wherein a
gate of the first transistor is configured to receive the first
control signal, a gate of the second transistor is configured
to receive the second control signal, a gate of the third
transistor is configured to receive the second control signal,
and a gate of the fourth transistor is configured to receive the
first control signal.

10. The clock generation circuitry of claim 8, wherein the
second switching circuitry comprises:

a fifth transistor connected to the reference voltage node;
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a sixth transistor connected in series with the fifth tran-

sistor and to the second path;

a seventh transistor connected to the reference voltage

node; and

an eighth transistor connected in series with the seventh

transistor and to the second path.

11. The clock generation circuitry of claim 10, wherein a
gate of the fifth transistor is configured to receive the first
control signal, a gate of the sixth transistor is configured to
receive the second control signal, a gate of the seventh
transistor is configured to receive the second control signal,
and a gate of the eighth transistor is configured to receive the
first control signal.

12. The clock generation circuitry of claim 8, wherein the
driver circuitry comprises:

a first delay path configured to generate the first control

signal based on the first clock signal; and

a second delay path configured to generate the second

control signal based on the first clock signal, the second
delay path comprising an adjustable delay.

13. The clock generation circuitry of claim 8, wherein the
second control signal is delayed with reference to the first
control signal.

14. A method for operating a multiplication injection
locked oscillator (MIILO) circuitry, the method comprising:

generating a first control signal and a second control

signal from a clock signal;
receiving the first control signal and the second control
signal at first switching circuitry, wherein the first
switching circuitry comprises a first transistor con-
nected to a voltage supply node, a second transistor
connected in series with the first transistor and to a first
path of ring injection locked oscillator (ILO) circuitry,
a third transistor connected to the and a voltage supply
node, and a fourth transistor connected in series with
the third transistor and to the first path, wherein a first
current signal is generated based on the first control
signal and the second control signal at the first switch-
ing circuitry, the first current signal comprise pulses,
and wherein a width of the pulses corresponds to a
delay between the first control signal and the second
control signal;
receiving the first control signal and the second control
signal at second switching circuitry, wherein the second
switching circuitry is connected to a second path of the
ring ILO circuitry and a reference voltage node; and

outputting, from the ring ILO circuitry, a plurality of clock
signals based on the first control signal and the second
control signal.

15. The method of claim 14 further comprising:

selectively connecting, via the first switching circuitry, the

first path with the voltage supply node based on the first
control signal and the second control signal; and
selectively connecting, via the second switching circuitry,
the second path with the reference voltage node based
on the first control signal and the second control signal.

16. The method of claim 14, wherein receiving the first
control signal and the second control signal at the first
switching circuitry comprises:

receiving the first control signal at a gate of the first

transistor;

receiving the second control signal at a gate of the second

transistor;

receiving the second control signal at a gate of the third

transistor; and

receiving the first control signal at a gate of the fourth

transistor.
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17. The method of claim 14, wherein receiving the first
control signal and the second control signal at the second
switching circuitry comprises:
receiving the first control signal at a gate of a fifth
transistor connected to the reference voltage node;

receiving the second control signal at a gate of a sixth
transistor connected in series with the fifth transistor
and to the second path;
receiving the second control signal at a gate of a seventh
transistor connected to the reference voltage node; and

receiving the first control signal at a gate of an eighth
transistor connected in series with the seventh transistor
and to the second path.

18. The method of claim 14, wherein the second control
signal is delayed with reference to the first control signal.
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